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and the theoretical voltage is only approached at very low current densities. If the voltage for a certain electrolyte, for example, is 1.2 at 5 amperes per square foot, at a current density of 80 amperes per square foot it is very likely to be three times that. Or, in other words, the energy efficiency at a current density of 30 amperes per square foot, is likely to be only one-third that at 5 amperes per square foot, assuming, of course, that the amount of copper deposited is the same in both cases, which may be a gratuitous assumption. It follows, further, that while the electrolytic deposition of the copper will take three times the power at 30 amperes per square foot as it would for 5 amperes per square foot, the size of the plant would be only one-sixth as large, and presumably cost only one-sixth as much.
The lower current densities will be largely limited to the cost and size of installation for the same output, and the larger current densities by the cost of operation.
The cost of power will be a governing factor in deciding the current density to be employed. If power is cheap it will probably cost no more to operate at a fair current density than at a low current density; for while the power, per pound of copper, will cost more, this will be offset by the decreased cost of installation, maintenance, and attendance.
If high current densities are employed, it will be desirable to agitate the electrolyte, or employ some form of moving cathode, so us to bring sufficient copper ions in contact with the cathode and thus avoid useless expenditure of energy in the decomposition of other substances in the electrolyte, or even the electrolyte itself.
It was observed soon after practical attempts were made at copper refining, about the year 1805, that the current density, and consequently the rate of deposition could be considerably increased by circulating the electrolyte or moving the electrodes.
Wilde was one of the first to deposit copper on a revolving cathode. The anodes consisted of copper cylindrical tubes, and the cathode consisted of an iron cylinder which was to be coated with copper. The cathode was placed in the center of the electrolysser and rotated on its axis. This gave an even distribution of the copper over the entire cathode surface by means of the motion imparted to the solution and the equal current density resulting from the motion. The current density used was about 20 amperes per square foot.
Elmore used horizontal mandrels on which copper sheets or tubes are deposited, while agate burnishers travel continuously over the copper so as to consolidate it and at the same time prevent the growth of copper trees or nodules. The current density used was about 30 amperes per square foot.
Dumoulin introduced a process for burnishing copper, during deposition, with sheepskin as a substitute for agate. Ho claimed that thees less as the current density is increased,
